Traditional reservoirs for water storage are important systems of water supply in rural areas of Morocco. These reservoirs are fed by rainwater and/or directly from rivers through open channels; the stored water is used without any treatment as drinking water by the surrounding population. The present study aimed to assess the physicochemical and bacteriological quality of stored water and the corresponding sediment in six traditional reservoirs (R1 to R6) located in the rural municipality of
INTRODUCTION
Morocco is a Mediterranean country facing water scarcity because of arid and semi-arid conditions. Consequently, various problems of development and sustainable management of water resources occur. This situation is exacerbated in rural areas as a result of the huge lack of appropriate infrastructure, namely drinking water and sanitary systems. This is the case in our study site, the Assif El Mal valley, which has a limited water potential, which makes it more difficult to obtain good water quality. 
MATERIALS AND METHODS

Overview of study area
Geographical framework
The basin of Assif El Mal is located on the north side of the High Atlas, 100 km southwest of Marrakech. The area has moderate relief, with an average altitude of 600 m, and becomes higher towards the south near the Atlas Chain.
The Assif El Mal valley is in the watershed of Mejjate, which extends between the Nfis River and the border of the plateau of Essaouira. It covers an area of approximately 2,200 km 2 . It is a left-bank tributary of the Tensift River, which is the main river of the plain of Haouz (Figure 1(a) ).
Hydrology
The Haouz plain benefits from its proximity to the High Atlas Mountains. This factor makes it a hydraulic reservoir because of the relative abundance of rainfall that it receives.
Some precipitation is in the form of snow that falls from December to April. Starting from March, snow usually melts and recharges the rivers ( Jolly ).
The regime of the Assif El Mal River is irregular over the course of the year. The flow remains low with a maximum in January, but during the summer months the river is almost dry. This forces the local population to store river water in traditional reservoirs during the winter, and then use it for the rest of the year.
Climate
The climate of the watershed of Assif El Mal is characterized by extreme aridity. Its intensity depends primarily on altitude; continentality has only a very small effect.
Otherwise, the seasonal contrast is well marked with a hot summer and cold winter (annual minimum temperature ¼ where the temperatures and evaporation are high.
Study area
In the Assif El Mal valley, the population living in the plains suffers from drinking water scarcity. In terms of hygiene conditions, the local populations do not respect their surroundings as household rubbish and faecal waste are disposed off anywhere.
The poor socio-economic status of the local people prevents them from digging wells. Consequently, water stored in the traditional way is their only source of water. This water is used for all purposes, including personal consumption and watering of livestock, without any prior treatment.
The traditional storage method uses reservoirs known locally as matfya. The matfya is a type of cistern, buried in the ground to a level of three-quarters of its total height. A matfya may be tubular in shape, 4-9 m in depth and 2-4 m in diameter, or rectangular in shape, 6-10 m in length, 3-5 m in width and 2-4 m in depth. These reservoirs are supplied by river and/or rainwater through channels called seguia (Figure 1(c) ). Table 1 describes the average characteristics of the water supplying these reservoirs. This water is likely to be contaminated by all activities conducted along the route of seguias.
In addition, the socio-cultural behaviour of the population towards water leads them to build more reservoirs than wells, as each family has a hereditary right to its share of surface water, whenever it is distributed along the seguias and stored in reservoirs for its own consumption. The water samples were taken monthly during winter (January-March) and summer (June-August) 2010, and were collected using plastic bottles for chemical assays, and in sterile glass bottles for bacteriological studies. Sediment samples were taken once in winter and once in summer from the same reservoirs as the water samples using a Shipek grab. Sediment samples were stored in sterile plastic bags.
All the samples were transported to the laboratory in the dark in a cooler at a temperature of 4 W C.
Parameters analysed and methods used
Physicochemical parameters
For water samples, temperature, pH, electrical conductivity and dissolved oxygen were measured in situ using a multi- • Total limestone: the total content of limestone was determined by volumetric acidimetry with a Bernard calcimeter (AFNOR X31-103).
• Organic matter: organic carbon was determined by the modified Walkley & Black () method.
• Total nitrogen: nitrogen was determined by Kjeldahl mineralization and distillation of ammonium and a final acidimetric titration.
• Total phosphorus: phosphorus was determined using an automated molybdenum-blue colorimetric procedure, following a sulphuric-peroxide digestion and pH adjustment.
Microbiological analysis
The methods were quantitative for the indicator organisms of faecal contamination and qualitative for pathogens (Moroccan Standards ).
Membrane filtration was used to enumerate faecal coli-
forms (FC) and total coliforms (TC), Streptococci D (SD),
Escherichia coli (EC), intestinal enterococci (IE), Staphylococcus aureus and Pseudomonas aeruginosa. The most The culture media used were as follows:
• Lactose TTC agar with Tergitol, for coliform counts, and soybean casein digest agar for E. coli (Moroccan Standard 08.0.124).
• Bile aesculin agar for Group D streptococci counts and Slanetz and Bartley medium for enumeration of IE (Moroccan Standard 03.7.001).
• Baird Parker agar (BP-Agar) was used to select S. aureus.
Identification was confirmed by growing the strains on beef-heart infusion agar followed by a coagulase test with rabbit plasma) (Moroccan Standard ISO 6888-1-2008).
• Sulphite-reducing anaerobes (SRA) were counted on SPS agar (sulphite polymyxin sulphadiazine and cysteine).
The mother solution was heat-treated at 80 W C for 10 min (Moroccan Standard 08.0.125 standard).
• Cetrimide agar was used to isolate P. aeruginosa. Afterwards, serological identification was made.
• CHROMagar was used to isolate Salmonella. Each isolated bacterium was subsequently identified according to biochemical criteria, using API 20NE, followed by serological confirmation.
The enumeration of major microbial populations in sediment samples was made by the MPN method using appropriate standard media, as mentioned above.
Disinfection tests
Disinfection tests were performed on the most contaminated samples, which came from reservoir R6. Plastic transparent bottles were aseptically filled with 1 l of the tested reservoir water (R6), transported to the laboratory (at 4 W C, about 2 hours) and directly subjected to the disinfection tests.
Disinfection by chlorination
The chlorine solution used was in the form of household bleach. To ensure proper disinfection and to specify the minimum quantity of chlorine required for pre-chlorination and water sterilization, the chlorine dose required was determined by the break-point method. Residual chlorine in the treated water (R6) was measured after 30 min by a colorimetric method. Subsequently, we followed the evolution of the bacterial abundance.
Disinfection by solar radiation
Disinfection by SODIS is a new approach to improve the quality of water (Sobsey ; Rincón Benavides & Pulgarin ). Transparent plastic bottles were filled with water from the test site (R6). They were then placed horizontally on a plain black surface. Three of them were exposed to direct sunlight while the other three were protected by aluminium foil (control samples) for about 5 hours. The water was then cooled in a refrigerator before laboratory analysis because during their exposure to solar radiation, their temperature increased to 50 W C after 3 hours.
The effectiveness of disinfection by chlorination and solar radiation was evaluated by studying the abundance of all the studied bacteria before and after each hour of disinfection (total 4 hours of exposure).
Statistical analysis
The descriptive statistics analyses used to characterize the data set were made by using SPSS (version 10). Principal component analysis (PCA) and analysis of variance (ANOVA II) were conducted and all differences were considered significant at 5%.
RESULTS AND DISCUSSION
Evaluation of water quality
Physicochemical parameters
The physicochemical parameters of the supplying river waters and the water samples are shown in Table 1 and   Table 2 , respectively. Overall, the total chemical composition of water was very slightly variable from one site to another (with a gradient upstream-downstream), and also changed over time in the same reservoir. 
Microbiological quality
In all the reservoirs studied, we observed an increase of bacterial counts in water especially during the summer period. Regarding the sediment samples, Table 3 shows that they host high densities of faecal bacteria (TC, FC and SD) and SRAs, and pathogenic bacteria: Salmonella, S. aureus aureus between 1.1 and 9.1 10 3 CFU/g (Table 3 ). The abundance of most micro-organisms is greater in the sediment than in the supernatant water, with a significant difference 
Principal component analysis
The Eigen values of the two axes F1 and F2 and their contribution to the total inertia are shown in Table 4 
Disinfection tests
The time evolution of bacterial abundances after injection of chlorine is shown in Figure 5 . The results show that chlorination was very effective. Indeed, we noted a maximum reduction of about 5 log units for TC after 1 hour and a total removal of all the studied micro-organisms, even for Salmonella and Pseudomonas. 
: present, (À): absent; CFU (colony-forming units). only. Thus, inactivation of the targeted bacteria was significantly higher in the exposed bottles (p < 0.05). This results from the absence of transmission of solar radiation in the unexposed bottles, which are subject to the effect of heat only.
By analysing the change in light intensity (Figure 7 ), we find that the radiation intensity increases to reach, after 2 hours, a maximum of 95,700 lux and then decreases steadily after 4 hours to 300 lux. The temperature changes in the exposed bottles follow those of the radiation intensity and reach 51 W C after 2 hours.
The efficiency of SODIS is due to the synergistic effects of sunlight and heat. This combined effect has already been According to these results, and taking into account the economic advantages, the SODIS technology also showed the greatest potential to become widely used and is sustainable for improving household water quality to reduce waterborne disease and death in some rural areas.
CONCLUSIONS
It seems that the temporal evolution of the parameters of water quality in reservoirs is controlled by exogenous inputs in winter (period of reservoirs filling) and endogenous inputs in summer (from the sediment by salting out via the water-sediment interactions during the long period of water storage). Thus, we can say that pollution (mainly organic and microbial) has increased mainly in the R4 reservoir, in the centre of Douar (a small town) and R6, located downstream of Ait Aalouach (the largest city in the valley). In addition, referring to Moroccan standards for safe drinking water, all water reservoirs studied are considered non-potable.
It emerges from this study also that the treatment by chlorination is an efficient method to eliminate bacterial contamination. However, this method seems to have limitations while there is generation of toxic products because of the presence of organic matter.
The effectiveness of disinfection by SODIS for only 5 hours shows very convincing results. However, its improvement by extending the duration of sunlight exposure could eliminate even SRAs, and thus constitute a more lasting method and the most convenient for water disinfection in rural areas.
